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WURTZITE THIN FILM, LAMINATE CONTAINING 
WURTZITE CRYSTALLINE LAYER AND THEIR 

MANUFACTURING METHODS 

TECHNICAL FIELD 

The present invention relates to a wurtzite thin film 
whose crystalline orientation is satisfactory and 
polarization directions are aligned in a uniform direction, a 
laminate containing a wurtzite crystalline layer, and their 
manufacturing methods. 

BACKGROUND ART 

A semiconductor made of a wurtzite structure 
compound, such as aluminum nitride (A1N), has a 
piezoelectric property and a pyroelectric property. Since the 
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wurtzite structure compound has such properties, the 
wurtzite structure compound is applicable to various 
devices, such as electronic devices, optical devices and 
high-pressure proof/ high- temperature proof electronic 
devices. 

In fact, the wurtzite structure compound has been 
applied as a material for various electronic components, 
such as high-frequency oscillators, filters for high 
frequency, various sensors, switches, ultrasonic oscillators, 
electromechanical transducers for audible bandwidth and 
light emitting elements. 

« 

Among the wurtzite structure compounds, A1N has 
especially been drawing researchers' attentions since A1N 
was synthesized for the first time in the middle of the 19 th 
century. A1N is a material of a hexagonal wurtzite structure 
compound, and is one of group III-V compounds. The 
wurtzite structure compound is a compound formed mainly 
by covalent bond, however A1N is different from other group 
III-V compounds. That is, A1N is characterized by slightly 
having ionicity. 

The following is four basic characteristics of the 
wurtzite structure compound. 

(1) chemically stable at high temperatures 

(2) high in corrosion resistance with respect to 
molten metal 
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(3) excellent in electric insulation 

(4) high in thermal conductivity 

Moreover, it is well-known that the wurtzite structure 
compound has the piezoelectric property and the 
pyroelectric property since the wurtzite structure compound 
has a crystal form having no symmetry center. 

As a method for synthesizing a thin film or a 
monocrystal from the wurtzite structure compound, various 
methods have been studied, such as a reactive sputtering 
that is one of physical vapor depositions (PVD), a molecular 
beam epitaxy, a laser ablation, an ion plating, a chemical 
vapor deposition (CVD) using aluminum chloride and 
ammonia gas and metalorganic CVD using trimethyl 
aluminum and ammonia gas. 

Most of these studies aim to realize the practical 
utilization of an electronic /optical functional thin film 
made of the wurtzite structure compound. Especially, since 
A1N is the highest in the propagation speed of a surface 
acoustic wave (SAW) among piezoelectric substances, 
applying A1N as a SAW device, typically a SAW filter of 
high-frequency region, and a bulk acoustic wave (BAW) is 
expected. 

Incidentally, in order to fully obtain properties of 
electronic component materials using the wurtzite structure 
compound, it is necessary in most cases to control the 
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crystallinity and crystalline orientation of the wurtzite 
structure compound. On this account, an epitaxial 
technique using a monocrystalline substrate and a 
technique for controlling the crystallinity and the 
crystalline orientation by adding impurities have been 
proposed. 

For example, an A1N film formed by sputtering has a 
polycrystalline structure in many cases. However, in order 
to utilize such A1N film as the piezoelectric substance, the 
orientation of a crystal axis needs to be controlled in a film- 
forming process. In the case of A1N, a (0002) surface 
orientation is ideal. Many studies have been made to realize 
this ideal. 

Moreover, piezoelectric ceramics formed on a 
substrate as a thin film is required to have a high Curie 
point of 1,000 °C or more and be able to deal with a high 
vibration frequency of thousands of MHz or more. In the 
case of practically forming the piezoelectric ceramics on a 
substrate as a thin film, it is possible to accordingly select 
the piezoelectric ceramics having such properties. 

Specifically, the piezoelectric ceramics having such 
properties is exemplified by perovskite oxide, LiNbC>3 oxide 
and a wurtzite compound, and the wurtzite compound is 
exemplified by A1N, ZnO, etc. Between ZnO (zinc oxide) and 
A1N (aluminum nitride), a thin film oriented in a c-axis 



t 'I 

5 

direction is advantageous in that the thin film can be 
formed even if the substrate is a sintered body (see 
Document 1 (Japanese Unexamined Patent Application No. 
122948/1998 (Tokukaihei 10-122948), published on May 
15, 1998)). 

However, in order to obtain an effective piezoelectric 
property, not only the crystalline orientations but also 
spontaneous polarization directions of respective crystal 
grains need to be aligned in a uniform direction. This is 
because crystal grains polarized in opposite directions 
decrease the overall piezoelectric effect. 

Unlike ferroelectric substances, such as lead 
zirconium titanate (PZT), a polarization treatment cannot be 
carried out with respect to the wurtzite structure compound 
after the film formation. Therefore, studies of the 
polarization have not been made until now. In the case of 
the wurtzite structure compound, the control of the 
polarization directions and the film formation need to be 
carried out simultaneously. 

The present invention was made in view of the 
above-described problems, and is to provide a thin film 
containing the wurtzite structure compound whose 
crystalline orientation is satisfactory and the spontaneous 
polarization directions are aligned in a uniform direction, 
and a method for manufacturing the thin film. 
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Incidentally, in the case of applying a wurtzite 
crystalline structure compound as the electronic component 
material, the wurtzite crystalline compound needs to be, in 
many cases, complexed with a functional material having 
conductivity and other function(s). Therefore, it is 
necessary to form a laminate having a multilayer structure 
in which a layer made of the wurtzite crystalline structure 
compound whose crystallinity and crystalline orientation 
are controlled is formed on a functional material layer made 
of such arbitrary functional material (for example, see 
Document 2 (Japanese Unexamined Patent Application No. 
142607/1985 (Tokukaisho 60-142607), published on July 
27, 1985)). 

However, in the case of forming the layer made of the 
wurtzite crystalline structure compound on the functional 
material layer that is a ground, there is a problem in that it 
is difficult to control the crystallinity and crystalline 
orientation of the wurtzite crystalline structure compound. 

In order to solve this problem, Document 3 (Japanese 
Unexamined Patent Application No. 48820/1982 
(Tokukaisho 57-48820), published on March 20, 1982) 
discloses a surface acoustic wave element including, as 
shown in Fig. 6, (i) a substrate 15, (ii) a first wurtzite 
structure piezoelectric thin film 16 formed on the substrate 
15, (iii) electrodes 17 each of which is formed on the first 
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wurtzite structure piezoelectric thin film 16 by 
photo-etching to be a predetermined shape and is made of a 
material having a face-centered cubic structure and (iv) a 
second wurtzite structure piezoelectric thin film 18 which is 
also formed on the first wurtzite structure piezoelectric thin 
film 16 while containing the electrodes 17. In the surface 
acoustic wave element, the first wurtzite structure 
piezoelectric thin film 16 functions so as to mainly improve 
orientations of the electrodes 17 and hence an orientation 
of the wurtzite structure piezoelectric thin film 18. 

In Document 3, as shown in Fig. 6, the first wurtzite 
structure piezoelectric thin film 16 is formed between the 
substrate 15 and the electrodes 17 in order to improve the 
orientation of the second wurtzite structure piezoelectric 
thin film 18 formed on the electrodes 17 that are island 
shaped. However, depending on the electronic component 
material, it may be necessary to use a laminate in which a 
second wurtzite crystalline structure compound layer is 
formed on a functional material layer, such as the electrode 
17 which not partially but entirely covers a first wurtzite 
crystalline structure compound layer. 

However, in the case of forming the second wurtzite 
crystalline compound layer on the functional material layer 
which not partially but entirely covers the first wurtzite 
crystalline compound layer, there are problems in that an 
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internal stress of the functional material layer is large and 
the second wurtzite crystalline structure compound layer is 

easily peeled off. 

Moreover, in the case in which the functional 
material layer is made of a metal having a body-centered 
cubic structure or a hexagonal close-packed lattice 
structure, the control of the crystallinity and crystalline 
orientation of the wurtzite crystalline layer formed on the 
functional material layer is more difficult than that in the 

case in which the functional material layer is made of a 

« 

material having the face-centered cubic structure, and 
actually a method for controlling these has not been found 
so far. This is because, as compared with the functional 
material having the face-centered cubic structure, (i) the 
functional material having the body-centered cubic 
structure or the hexagonal close-packed lattice structure is 
largely different in lattice constant from the wurtzite crystal 
and (ii) the functional material having the body-centered 
cubic structure is low in crystallinity. 

The present invention provides not only (i) a thin film 
containing a wurtzite structure compound whose 
polarization directions are aligned in a uniform direction 
and (ii) a method for manufacturing the thin film but also 
(iii) a laminate having a multilayer structure in which a 
layer made of the wurtzite crystalline structure compound 
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whose crystallinity and crystalline orientation are 
controlled is formed on a functional material layer 
regardless of the crystalline structure of the functional 
material layer and (iv) a method for manufacturing the 
laminate. 

DISCLOSURE OF INVENTION 

In view of the above problems, the present inventors 
diligently studied a method for manufacturing a wurtzite 
structure compound thin film, whose polarization directions 
are aligned in a uniform direction, by using a reactive 
sputtering which uses a metal material as a target, and a 
nitrogen gas or an oxygen gas as a reactive gas. As a result, 
the present inventors found out that it is possible to solve 
the above problems by optimizing film-forming conditions 
for manufacturing the thin film by sputtering, that is, a 
substrate temperature, a sputtering pressure, a nitrogen 
concentration or an oxygen concentration, a high-frequency 
power density and a film thickness. This finding has led to 
the completion of the present invention. 

In addition, as a result of diligent studies in view of 
the above problems, the present inventors found out that it 
is possible to improve the crystallinity and crystalline 
orientation of the second wurtzite crystalline layer by (i) 
forming in advance the first wurtzite crystalline layer under 
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the functional material layer that is a ground, that is, 
between the substrate and the functional material layer and 
then (ii) forming the second wurtzite crystalline layer on the 
functional material layer. This finding has led to the 
completion of the present invention. 

That is, a wurtzite thin film of the present invention 
is a wurtzite thin film containing crystals of a wurtzite 
structure compound, and a polarizability X of crystal grains 
of the crystals is in a range of 51 % < X < 100 %. 

The crystal grains of the wurtzite structure 
compound are polarized between positive (plus) and 
negative (minus). The above expression "a polarizability of 
crystal grains" indicates a higher percentage between a 
percentage of positively-polarized (plus) crystal grains in 
the entire crystal grains and a percentage of 
negatively-polarized (minus) crystal grains in the entire 
crystal grains. 

As described above, it is well-known that the wurtzite 
structure compound has the piezoelectric property and the 
pyroelectric property since the wurtzite structure compound 
has a crystal form having no symmetry center. Therefore, 
the following has been attempted: The wurtzite structure 
compound is formed on the substrate in the form of a thin 
film to use the thin film as the electronic component 
material having the piezoelectric property and the 
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pyroelectric property. 

In the case of using as the electronic component 
material the thin film made of the wurtzite structure 
compound, it is important to form the thin film so that the 
polarization directions of the crystal grains are adequately 
aligned in a uniform direction. In this way, the thin film 
can obtain the effective piezoelectric property. Note that the 
polarization directions are adequately aligned in a uniform 
direction when the polarizability of the crystal grains is 
51 % or more. 

As described above, the polarizability of the crystal 
grains in the wurtzite thin film of the present invention is 
51 % or more, that is, the wurtzite thin film of the present 
invention has the adequate polarizability to obtain the 
effective piezoelectric property. Therefore, the wurtzite thin 
film of the present invention can be effectively utilized for 
various electronic components as the electronic component 
material having the piezoelectric property. 

In the wurtzite thin film, it is preferable that the 
crystals of the wurtzite structure compound orient with 
respect to a (0002) surface. With this, it is possible to add 
the effective piezoelectric property by the wurtzite thin film. 

It is preferable that the wurtzite thin film of the 
present invention be made of one compound selected from 
the group consisting of aluminum nitride, gallium nitride, 
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indium nitride and zinc oxide, or be made of two 
compounds or more selected from the group consisting of 
aluminum nitride, gallium nitride, indium nitride and zinc 
oxide. 

A method of the present invention is a method for 
manufacturing a wurtzite thin film containing crystals of a 
wurtzite structure compound, and the wurtzite thin film is 
formed by sputtering so that a polarizability X of crystal 
grains in the wurtzite thin film is in a range of 51 % < X < 
100 %. 

According to the above method, the polarizability of 
the crystal grains in the wurtzite thin film is 51 % or more. 
That is, it is possible to manufacture the wurtzite thin film 
having an adequate polarizability to obtain the effective 
piezoelectric property. Therefore, the wurtzite thin film 
manufactured by the method of the present invention can 
be effectively utilized for various electronic components as 
the electronic component material having the piezoelectric 
property. 

In the above method, it is preferable that the wurtzite 
thin film be formed on a substrate having any one of a 
monocrystalline structure, a polycrystal structure and an 
amorphous structure. 

Moreover, in the above method, it is preferable that a 
temperature of the substrate be in a range from a room 
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temperature to 800 °C when forming the wurtzite thin film 
on the substrate. Note that the above "room temperature" 
indicates the temperature of a room where the wurtzite thin 
film is manufactured. 

In the above method, it is preferable that a 
sputtering pressure be in a range from 0.05 Pa to 0.5 Pa 
when forming the wurtzite thin film by sputtering. 

In the above method, it is preferable that a 
sputtering gas used for sputtering include at least argon 
and nitrogen, and a nitrogen concentration in the 
sputtering gas be in a range from 5 % to 90 %. 

In the above method, it is preferable that the 
sputtering gas contain 0.2 % to 10 % of oxygen. 

In the above method, it is preferable that a 
high-frequency power density used for forming the wurtzite 
thin film by sputtering be in a range from 1 W/cm 2 to 12 
W/cm 2 . 

In the above method, it is preferable that the wurtzite 
thin film be formed so as to have a thickness of 25 nm or 
more. 

In the above method, it is preferable that the wurtzite 
thin film be made of one compound selected from the group 
consisting of aluminum nitride, gallium nitride, indium 
nitride and zinc oxide, or be made of two compounds or 
more selected from the group consisting of aluminum 
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nitride, gallium nitride, indium nitride and zinc oxide. 

In the method for manufacturing the wurtzite thin 
film in accordance with the present invention, it is possible 
to further improve the polarizability of the crystal grains in 
the wurtzite thin film by adopting the above-descried 
film-forming conditions. Therefore, it is possible to 
manufacture the wurtzite thin film which has much better 
piezoelectric property and is more useful as the electronic 
component material. 

Moreover, a laminate of the present invention 
includes: a substrate; a first wurtzite crystalline layer made 
of a wurtzite crystalline structure compound; a functional 
material layer which covers an entire region of the first 
wurtzite crystalline layer; and a second wurtzite crystalline 
layer which covers the functional material layer and is 
made of the wurtzite crystalline structure compound, and 
the first wurtzite crystalline layer, the functional material 
layer and the second wurtzite crystalline layer are stacked 
on or above the substrate. 

In the above laminate, it is preferable that the 
substrate be made of any one of a monocrystalline material, 
a polycrystal material and an amorphous material. 

Moreover, in the above laminate, it is preferable that 
a c axis perpendicular to a (0001) surface of the wurtzite 
crystalline structure compound constituting the first 
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wurtzite crystalline layer and the second wurtzite 
crystalline layer orient substantially perpendicular to a 
surface of the substrate. 

In the laminate of the present invention, it is 
preferable that the first wurtzite crystalline layer and /or 
the second wurtzite crystalline layer contain as a main 
constituent one compound or more selected from the group 
consisting of aluminum nitride, gallium nitride, indium 
nitride and zinc oxide. 

Moreover, in the laminate of the present invention, it 
is preferable that the first wurtzite crystalline layer and the 
second wurtzite crystalline layer contain aluminum nitride 
as the main constituent. 

Further, in the laminate of the present invention, it 
is preferable that the first wurtzite crystalline layer and the 
second wurtzite crystalline layer are made of a same 
constituent(s). 

In the laminate of the present invention, the 
functional material layer contains any one of a 
monocrystalline material, a polycrystalline material and an 
amorphous material. Moreover, in the above laminate, it is 
preferable that the functional material layer contain a 
conductive material. It is more preferable that the 
functional material layer contain a metal. It is especially 
preferable that the functional material layer contain a 
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metal having a body-centered cubic structure or a 
hexagonal close-packed lattice structure. In the laminate of 
the present invention, the functional material constituting 
the functional material layer is exemplified by an 
elementary substance of molybdenum or tungsten, and a 
compound containing at least one of molybdenum and 
tungsten. 

In the laminate of the present invention, it is 
preferable that the first wurtzite crystalline layer have a 
thickness of 5 nm or more. It is more preferable that the 
first wurtzite crystalline layer have a thickness of 50 nm to 
200 nm. 

A method of the present invention is a method for 
manufacturing the above laminate, and the method 
includes the steps of: forming on a substrate a first 
wurtzite crystalline layer made of a wurtzite crystalline 
structure compound; forming a functional material layer so 
that the functional material layer covers the first wurtzite 
crystalline layer; and forming on the functional material 
layer a second wurtzite crystalline layer made of the 
wurtzite crystalline structure compound, and at least one of 
the steps is carried out by a vapor deposition. 

Moreover, in the above method, it is preferable that 
the vapor deposition is a physical vapor deposition and/or 
a chemical vapor deposition. 
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In the above method, the physical vapor deposition is 
typically exemplified by a vacuum deposition, a molecular 
beam epitaxy, a laser ablation, a sputter deposition, an ion 
plating, an ion cluster beam deposition and an ion beam 
deposition. 

Moreover, in the above method, the chemical vapor 
deposition is typically exemplified by a thermal CVD, a 
photochemical vapor deposition, a high-frequency plasma 
CVD, a micro wave plasma CVD, an ECR plasma CVD and a 
DC plasma CVD. 

With the above structure or method, it is possible to 
manufacture the laminate having the multilayer structure 
in which the wurtzite crystalline layer whose crystallinity 
and crystalline orientation are satisfactory and the 
functional material layer are complexed with each other 
regardless of the crystalline structure of the functional 
material layer. Therefore, it is possible to improve the 
quality of the electronic component material made by 
complexing the wurtzite crystalline structure compound 
with the functional material having conductivity, etc. 

Additional objects, features, and strengths of the 
present invention will be made clear by the description 
below. Further, the advantages of the present invention 
will be evident from the following explanation in reference 
to the drawings. 
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BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a cross-sectional diagram showing 
polarization directions in a wurtzite thin film obtained by 
a method for manufacturing the wurtzite thin film of the 
present invention. 

Fig. 2 is a cross-sectional diagram showing 
polarization directions in a wurtzite thin film obtained by 
a conventional method for manufacturing the wurtzite 
thin film. 

Fig. 3 is a cross-sectional diagram showing a 
laminate of the present invention. 

Fig. 4 shows a rocking curve of an A1N (0002) peak 
in an XRD measurement concerning an AIN/Mo/ A1N/ Si 
laminate manufactured in Example. 

Fig. 5 shows a rocking curve of an A1N (0002) peak 
in an XRD measurement concerning an AIN/Mo/Si 
laminate manufactured in Comparative Example. 

Fig. 6 is a cross-sectional diagram showing a 
conventional laminate. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The following will explain an embodiment of the 

present invention. 

The present embodiment first describes a wurtzite 
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thin film of the present invention and a method for 
manufacturing the wurtzite thin film. 

(1) WURTZITE THIN FILM AND METHOD FOR 
MANUFACTURING THE SAME 

The wurtzite thin film of the present invention 
contains crystals of a wurtzite structure compound, and is 
characterized in that a polarizability X of crystal grains of 
the crystals is in a range of 51 % < X < 100 %. In the case 
of utilizing the wurtzite thin film as an electronic 
component material, the wurtzite thin film has an adequate 
piezoelectric property. 

For example, in order that an A1N thin film has the 
adequate piezoelectric property, it is important that 
crystals of A1N orient with respect to a (0002) surface. 
Therefore, studies of manufacturing conditions have been 
made so that, by optimizing conditions of sputtering, it is 
possible to manufacture on any substrates the A1N film 
whose crystalline structure orients with respect to the 
(0002) surface. 

However, it is still difficult for A1N whose crystals 
orient with respect to the (0002) surface to obtain the 
adequate piezoelectric property. The present inventors 
assumed that the reason for this is a misalignment of the 
polarization directions as shown in Fig. 2. Note that Fig. 2 
is a cross-sectional diagram showing a wurtzite thin film 12 
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formed on . a substrate 1 1 by a conventional method. As 
shown in Fig. 2, the polarization directions (indicated by 
arrows in Fig. 2) of the A1N film (wurtzite thin film) 12 
formed on the substrate 1 1 by the conventional method are 
not aligned in a uniform direction. Therefore, there are 
problems in that a piezoelectric effect obtained by the 
crystals is cancelled and an overall piezoelectric effect is 
decreased. 

The present inventors further studied the conditions 
of sputtering, and found out the manufacturing conditions 
for A1N whose crystals orient with respect to the (0002) 
surface and polarization directions are aligned in a uniform 
direction as shown in Fig. 1. Fig. 1 is a cross-sectional 
diagram showing a wurtzite thin film 2 formed on a 
substrate 1 by the method of the present invention. In the 
A1N film (wurtzite thin film) 2, shown in Fig. 1, formed on 
the substrate 1 by the method of the present invention, 
51 % to 100 % of the polarization directions of the crystal 
grains of A1N are aligned in a uniform direction. Note that 
arrows in Fig. 1 show the polarization directions of the 
crystal grains in the A1N film. 

The following will explain specific film-forming 
conditions in the method for manufacturing the wurtzite 
thin film of the present invention. In other words, the 
following will explain the film-forming conditions for the 
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wurtzite thin film so that the polarizability X of the crystal 
grains in the obtained thin film is in a range of 51 % < X < 
100 %. 

A substrate temperature when carrying out 
sputtering is in a range from the room temperature to 800 
°C. 

A sputtering pressure is in a range from 0.05 Pa to 
5.0 Pa. 

0 

A sputtering gas is a mixed gas of argon and nitrogen, 
and a nitrogen concentration in the mixed gas is in a range 
from 5 %. to 90 %. Moreover, in the case of adding oxygen, 
an oxygen concentration in the mixed gas is in a range from 

0.2 % to 10 %. 

A high-frequency power is in a range from 1 W/cm 2 

to 20 W/cm 2 . 

A film thickness of the A1N film is in a range from 25 

nm to 100 jam. 

The following will explain more preferable 
film-forming conditions for manufacturing the wurtzite thin 
film of the present invention. 

It is more preferable that the substrate temperature 
when carrying out sputtering is in a range from 300 °C to 
400 °C. Moreover, it is more preferable that the sputtering 
pressure is in a range from 0.5 Pa to 1 Pa. Further, it is 
more preferable that the high-frequency power is in a range 
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from 4 W/cm 2 to 8 W/cm 2 . 

By setting the substrate temperature, the sputtering 
pressure and the high-frequency power as above for the film 
formation, it is possible to further improve the 
polarizability X of the crystal grains in the obtained 
wurtzite thin film. Therefore, with the above-described more 
preferable film-forming conditions, it is possible to improve 
the piezoelectric property of the wurtzite thin film and 
obtain the wurtzite thin film which is more useful as the 
electronic component material. 

The following will explain the substrate 1 used for 
manufacturing the wurtzite thin film of the present 
invention. The substrate 1 may be made of a 
monocrystalline material, a polycrystalline material or an 
amorphous material. Moreover, the substrate 1 may be 
partially crystallized. 

As a material of the substrate 1, it is possible to use 
insulating ceramics which is one of functional ceramics. 
Basic natures required for the material of the substrate 1 
are high insulation property, thermal conductivity, low 
dielectric constant, compatibility with other element(s), 
chemical stability and sinterability. 

More specifically, as the material of the substrate 1, 
it is possible to use (i) the monocrystal, such as Si, 
sapphire, rock crystal, magnesium oxide, lithium niobate 
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and lithium tantalate, (ii) the polycrystal, such as ceramics 
that are typically aluminum oxide, silicon nitride, silicon 
carbide and zirconium oxide and (iii) the amorphous, such 
as glass, metallic glass and carbon. Thus, the crystalline 
structure of the substrate 1 is not especially limited. 

The foregoing description took A1N as an example of 
the wurtzite structure compound, and explained the 
manufacturing conditions for manufacturing the wurtzite 
thin film whose polarization directions are aligned in a 
uniform direction. However, the present invention is not 
limited to A1N, and it is possible to improve the 
piezoelectric property of a wurtzite thin film even in the 
case in which the wurtzite thin film is made of other 
wurtzite structure compound (for example, zinc oxide) with 
the above manufacturing conditions. 

The following will explain a laminate containing a 
wurtzite crystal of the present invention and a method for 
manufacturing the laminate. 

(2) LAMINATE CONTAINING WURTZITE CRYSTALLINE 

LAYER 

The following will explain the laminate of the present 
invention in reference to Fig. 3. Fig. 3 is a cross-sectional 
diagram showing a schematic structure of the laminate 
containing the wurtzite crystalline structure compound of 
the present invention. 
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The laminate of the present invention is formed so 
that a first wurtzite crystalline layer 6, a functional 
material layer 7 and a second wurtzite crystalline layer 8 
are stacked in this order on a substrate 5 and substantially 
in parallel with the substrate 5. More specifically, the 
laminate of the present invention has a laminated structure 
in which (i) the first wurtzite crystalline layer 6 is formed 
on the substrate 5, (ii) the functional material layer 7 
covers an entire region of the first wurtzite crystalline layer 
6 and (iii) the second wurtzite crystalline layer 8 is further 
formed on the wurtzite crystalline layer 8. Details of each 
layer will be described later. 

By using the laminate in which the functional 
material layer 7 having the conductivity and other 
function(s) and the first and second wurtzite crystalline 
layer 6 and 8 are complexed with each other, it is possible 
to improve the crystallinity and crystalline orientation of 
the second wurtzite crystalline layer formed on the 
functional material layer 7. 

The laminate of the present invention is formed so 
that the first wurtzite crystalline layer 6, the functional 
material layer 7 and the second wurtzite crystalline layer 8 
are stacked in this order on the substrate 5, however it is 
possible to use the laminate whose substrate 5 is removed 
according to need. 
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The following will explain in detail the substrate 5, 
the first and second wurtzite crystalline layers 6 and 8 and 
the functional material layer 7 which constitutes the 
laminate of the present invention. 

< SUBSTRATE 5> 

The substrate 5 is not especially limited, but may be 
made of a monocrystalline material, a polycrystalline 
material or an amorphous material. Moreover, the substrate 
5 may be partially crystallized. 

More specifically, as the material of the substrate 5, 
it is possible to use (i) the monocrystal, such as Si, 
sapphire, rock crystal, magnesium oxide, lithium niobate 
and lithium tantalate, (ii) the polycrystal, such as ceramics 
that are typically aluminum oxide, silicon nitride, silicon 
carbide and zirconium oxide and (iii) the amorphous, such 
as glass, metallic glass and carbon. However, the present 
invention is not limited to these. That is, the crystalline 
structure of the substrate 5 is not especially limited. 

Note that the laminate shown in Fig. 3 has a 
four-layer structure in which the first wurtzite crystalline 
layer 6, the functional material layer 7 and the second 
wurtzite crystalline layer 8 are formed in this order on the 
substrate 5. However, depending on circumstances, it is 
possible to use the laminate having a three-layer structure 
in which the substrate 5 is removed from the laminate 
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having the four-layer structure. 

<FIRST AND SECOND WURTZITE CRYSTALLINE 
LAYERS 6 AND 8> 

The first and second wurtzite crystalline layers 6 and 
8 are not especially limited as long as the first and second 
wurtzite crystalline layers 6 and 8 are made of the wurtzite 
crystalline structure compound. 

It is preferable that the wurtzite crystalline structure 
compound contain as a main constituent, for example, 
aluminum nitride, gallium nitride, indium nitride or zinc 
oxide. It is more preferable that the wurtzite crystalline 
structure compound contain aluminum nitride as the main 
constituent. 

The above expression "contains as a main 
constituent" indicates that the amount of the main 
constituent is the largest among constituents in the 
wurtzite crystalline structure compound. Therefore, each of 
the first wurtzite crystalline layer 6 and the second wurtzite 
crystalline layer 8 may be a layer made of a single wurtzite 
crystalline structure compound, a layer made of mixed 
crystals containing two or more wurtzite crystalline 
structure compounds or a layer further containing other 
compound(s). The "other compound(s)" is not especially 
limited as long as the "other compound(s)" does not affect 
the crystallinity and crystalline orientation of the first 
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wurtzite crystalline layer 6 and the second wurtzite 
crystalline layer 8. 

Moreover, it is preferable that the first wurtzite 
crystalline layer 6 and the second wurtzite crystalline layer 
8 are made of the same constituent, however the first 
wurtzite crystalline layer 6 and the second wurtzite 
crystalline layer 8 can be made of different constituents. 

It is preferable that a c axis of the first wurtzite 
crystalline layer 6 orient substantially perpendicular to a 
surface of the substrate. With this, a c axis of a wurtzite 
crystalline layer constituting the second wurtzite crystalline 
layer 8 orients in a direction substantially perpendicular to 
the surface of the substrate 5. That is, it is possible to form 
the second wurtzite crystalline layer 8 having satisfactory 
crystallinity and crystalline orientation on the functional 
material layer 7. 

An object of the present invention is to form on the 
functional material layer 7 the second wurtzite crystalline 
layer 8 whose crystallinity and crystalline orientation are 
improved. However, as described above, it is preferable that 
not only the wurtzite crystalline layer 8 but also a c axis of 
the first wurtzite crystalline layer 6 and a c axis of the 
wurtzite crystalline structure compound constituting the 
second wurtzite crystalline layer 8 orient substantially 
perpendicular to the surface of the substrate. 
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It is preferable that the c axis of the second wurtzite 
crystalline layer orient substantially perpendicular to the 
surface of the substrate. This keeps the quality of the 
crystallinity of the second wurtzite crystalline layer 8 high. 
Therefore, the wurtzite crystalline structure compound 
shows high performances, such as a higher hardness, a 
higher sound speed and a wider bandgap. It is possible to 
improve the quality of the electronic component material 
obtained by complexing the wurtzite crystalline structure 
compound with the functional material having functions, 
such as conductivity, etc. 

Note that the c axis of is an axis perpendicular to a 
(0001) surface of the wurtzite crystalline structure 
compound which constitutes the first wurtzite crystalline 
layer 6 and the second wurtzite crystalline layer 8. 

The thickness of the second wurtzite crystalline layer 
8 is not especially limited, and is determined depending on 
how the laminate is used. 

Moreover, the thickness of the first wurtzite 
crystalline layer 6 is not especially limited as long as the 
thickness is a thickness necessary for obtaining such 
crystalline orientation that the c axis of the second wurtzite 
crystalline layer 8 orients substantially perpendicular to 
the surface of the substrate. More specifically, it is 
preferable that the thickness of the first wurtzite crystalline 
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layer 6 be 5 nm or more, more preferably 50 nm to 200 nm, 
further preferably 80 nm to 120 nm. It is especially 
preferable that the thickness of the first wurtzite crystalline 
layer 6 be 100 nm. 

With this, even in the case in which the functional 
material layer 7 has the body-centered cubic structure or 
the hexagonal close-packed lattice structure, it is possible 
to control the crystallinity and crystalline orientation of the 
second wurtzite crystalline layer 8 formed on the functional 
material layer 7. That is, in the case in which the 
functional material layer 7 has the body-centered cubic 
structure or the hexagonal close-packed lattice structure, it 
is more difficult to control the crystallinity and crystalline 
orientation of the second wurtzite crystalline layer 8 formed 
on the functional material layer 7 than the case in which 
the functional material layer 7 has the face-centered cubic 
structure. However, by setting the thickness of the first 
wurtzite crystalline layer 6 as described above, it is 
possible to obtain such crystalline orientation that the c 
axis of the second wurtzite crystalline layer 8 orients 
substantially perpendicular to the surface of the substrate. 

According to the above description, the laminate of 
the present invention may be a laminate which is 
characterized in that (i) the first wurtzite crystalline layer, 
(ii) the functional material layer which is so formed as to 
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partially cover the first wurtzite crystalline layer and has 
the body-centered cubic structure or the hexagonal 
close-packed lattice structure and (iii) the second wurtzite 
crystalline layer which covers the first wurtzite crystalline 
layer while containing the functional material layer are 
formed on the substrate. 

< FUNCTIONAL MATERIAL LAYER 7> 

The functional material layer 7 is formed between the 
first wurtzite crystalline layer 6 and the second wurtzite 
crystalline layer 8 which are opposed to each other. 

The functional material constituting the functional 
material layer 7 is not especially limited as long as the 
functional material is a material having some kind of 
function(s) and used for the electronic component material 
which is complexed with the first and second wurtzite 
crystalline layers 6 and 8. For example, the functions of the 
functional material are the electric conduction property, the 
thermal conduction property, the thermal insulation 
property, the thermal resistance property, the corrosion 
resistance property, the abrasion resistance property, etc. 

The functional material is not especially limited as 
long as the functional material contains any one of the 
monocrystalline material, the polycrystalline material and 
the amorphous material. Moreover, the functional material 
may be made of any one of the monocrystalline material, 
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the polycrystal material and the amorphous material. 
Further, the functional material may be partially 
crystallized. That is, the crystalline structure of the 
functional material is not especially limited. 

It is preferable that the functional material layer 7 
contain or be made of, for example, a conductive material, 
such as metal, semiconductor, conductive polymer and 
conductive glass, and it is more preferable that the 
functional material layer 7 contain or be made of a metal. It 
is further preferable that the functional material layer 7 
contain or be made of metal having the body-centered cubic 
structure or the hexagonal close-packed lattice structure. 

With this, it is possible to solve the problems in that 
the internal stress of the functional material layer 7 is large 
and the layer is easily peeled off in the case in which the 
functional material layer 7 covers the entire region of the 
first wurtzite crystalline layer 6. That is, as compared with 
a metal having the face-centered cubic structure such as 
aluminum, a metal having the body-centered cubic 
structure or the hexagonal close-packed lattice structure 
such as tungsten and molybdenum has thermal expansion 
coefficient that is more similar to that of the wurtzite 
crystalline structure compound. Therefore, even in the case 
in which the functional material layer 7 covers the entire 
region of the first wurtzite crystalline layer 6, the internal 
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stress of the functional material layer 7 hardly occurs and 
the layer is hardly peeled off. 

Therefore, it is especially preferable that the 
functional material be made of an elementary substance of 
molybdenum or tungsten, or a compound containing at 
least one of molybdenum and tungsten. Moreover, the 
functional material may be a mixture containing an 
elementary substance of molybdenum or tungsten, or a 
mixture containing a compound containing at least one of 
molybdenum and tungsten. By using these hard metals, it 
is possible to supply electronic components which 
accommodate high vibration frequency. 

The metal having the body-centered cubic structure 
is not especially limited, and is exemplified by barium (BA), 
chromium (Cr), cx-iron (cx-Fe), p-iron (p-Fe), 8-iron (8-Fe), 
lithium (Li), molybdenum (Mo), natrium (Na), p-titanium (Ti), 
a-tungsten (W), etc. 

Moreover, the metal having the hexagonal 
close-packed lattice structure is not especially limited, and 
is exemplified by beryllium (Be), p-calcium (p-Ca), cadmium 
(Cd), p-cobalt (P-Co), p-chromium (P-Cr), magnesium (Mg), 
nickel (Ni), titanium (Ti), zinc (Zn), etc. 

By forming the wurtzite crystalline layer 8 on the 
functional material layer 7, it is possible to complex the 
wurtzite crystalline layer with the functional material layer 
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having functions such as conductivity, etc. Thus, by 
complexing the wurtzite crystalline compound with various 
functional materials, the wurtzite crystalline structure 
compound can be applied to the electronic component 
material. 

The thickness of the functional material layer 7 is 
not especially limited, and may be determined depending on 
how the laminate is used. 

In order to obtain such crystalline orientation that 
the c axis of the second wurtzite crystalline layer 8 orients 
perpendicular to the surface of the substrate, it is 
preferable that the thickness of the functional material 
layer 7 be 10 nm or more, more preferable 100 nm to 300 
nm, especially preferably 100 nm. 

The laminate arranged as above can be utilized as 
the material of various electronic components, such as 
high-frequency oscillators, filters for high frequency, 
various sensors, switches, ultrasonic oscillators, 
electromechanical transducers for audible bandwidth and 
light emitting elements. Specific examples are a 
high-frequency filter and sensor for a next-generation 
mobile phone, however the present invention is not limited 
to these. Moreover, by entirely covering the first wurtzite 
crystalline layer 6 with the functional material layer 7, it is 
possible to produce a bulk resonator. 
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(3) METHOD FOR MANUFACTURING LAMINATE 
CONTAINING WURTZITE CRYSTALLINE STRUCTURE 
COMPOUND 

A method of the present invention is a method for 
manufacturing the laminate and is not especially limited as 
long as the method includes the steps of: forming on the 
substrate 5 the first wurtzite crystalline layer 6 made of the 
wurtzite crystalline structure compound; forming the 
functional material layer 7 in such a manner that the 
functional material layer 7 covers the first wurtzite 
crystalline layer 6; and forming on the functional material 
layer 7 the second wurtzite crystalline layer 8 made of the 
wurtzite crystalline structure compound. 

It is preferable that at least one of the above steps in 
the method be carried out by the vapor deposition. It is 
more preferable that two or more of the above steps in the 
method be carried out by the vapor deposition. It is further 
preferable that the vapor deposition be the physical vapor 
deposition and/or the chemical vapor deposition. 

Specifically, the physical vapor deposition is 
exemplified by a vacuum deposition, a molecular beam 
epitaxy, a laser ablation, a sputter deposition, an ion 
plating, an ion cluster beam deposition, an ion beam 
deposition, etc., however the present invention is not 
limited to these. 
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Moreover, the chemical vapor deposition is 
exemplified by a thermal CVD, a photochemical vapor 
deposition, a high-frequency plasma CVD, a micro wave 
plasma CVD, an ECR plasma CVD, a DC plasma CVD, etc., 
however, the present invention is not limited to these. 

The step of forming on the substrate 5 the first 
wurtzite crystalline layer 6 made of the wurtzite crystalline 
structure compound is not especially limited as long as the 
step is a step of forming on the substrate a layer made of 
the wurtzite crystalline structure compound. For example, 
any one of the above-described vapor depositions can be 
preferably used for the step. 

Moreover, the step of forming the functional material 
layer 7 in such a manner that the functional material layer 
7 covers the first wurtzite crystalline layer 6 is not 
especially limited. For example, any one of the 
above-described vapor depositions can be preferably used 
for the step. 

Further, the step of forming on the functional 
material layer 7 the second wurtzite crystalline layer 8 
made of the wurtzite crystalline structure compound is not 
especially limited. For example, any one of the 
above-described vapor depositions can be preferably used 
for the step. 

In order that the first wurtzite crystalline layer 6 or 
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the second wurtzite crystalline layer 8 has a c axis 
orientation, it is preferable to use a pure metal as the 
material and be formed by the chemical vapor deposition. In 
the case of using, for example, sputtering, it is preferable to 
use aluminum as a target and use argon and nitrogen as a 
gas. In this case, it is preferable that the temperature of the 
substrate be 200 °C to 400 °C. 

Moreover, the order of the above-described three 
steps is not especially limited as long as the order can 
realize the manufacture of the laminate. 

The embodiments and concrete examples of 
implementation discussed in the foregoing detailed 
explanation serve solely to illustrate the technical details of 
the present invention, which should not be narrowly 
interpreted within the limits of such embodiments and 
concrete examples, but rather may be applied in many 
variations within the spirit of the present invention, 
provided such variations do not exceed the scope of the 
patent claims set forth below. 

The following will explain Examples of the present 
invention. 

(EXAMPLE 1) 

In Example 1, A1N was used as the wurtzite structure 
compound so as to form a wurtzite thin film on a substrate. 
The film-forming conditions are as follows: The substrate 
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temperature was 400 °C, the nitrogen concentration was 
50 %, the high-frequency power density was 7.83 W/cm 2 
and the sputtering pressure was 0.5 Pa. Under these 
film-forming conditions, the wurtzite thin film was formed 
on the substrate so that the film thickness of A1N 
(aluminum nitride) was 1 jam. The polarizability of the 
wurtzite thin film obtained here was measured and was 
about 80 %, that is, the measurement confirmed that the 
wurtzite thin film had an adequate polarizability to obtain 
an effective piezoelectric property. 
(EXAMPLE 2) 

Aluminum nitride (A1N) as the first wurtzite 
crystalline structure compound, molybdenum (Mo) as the 
functional material and aluminum nitride (A1N) as the 
second wurtzite crystalline structure compound were 
formed on an Si monocrystalline substrate by RF magnetron 
sputtering. The films of the first and second aluminum 
nitride were formed under the following conditions: Metal 
aluminum (Al) was used as a target; argon (Ar) and nitrogen 
(N2) were used as reactive gas; the substrate temperature 
was 300 °C; and an RF output was 400 W. Moreover, the 
film of molybdenum (Mo) was formed under the following 
conditions: Metal molybdenum (Mo) was used as a target; 
argon (Ar) was used as reactive gas; no heat was applied; 
and an RF output was 100 W. 
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The films were formed so that the film of the first 
aluminum nitride (A1N) had the thickness of 100 nm, the 
film of molybdenum (Mo) had the thickness of 200 nm and 
the film of the second aluminum nitride (A1N) had the 
thickness of 1 jum. 

Obtained here was a rocking curve of an A1N (0002) 
peak of X-ray diffraction (XRD), and the rocking curve 
indicates the crystallinity and crystalline orientation of the 
film of the second aluminum nitride (A1N). The half 
bandwidth of the rocking curve was 2.54 ° as shown in Fig. 
4, and the film of the second aluminum nitride (A1N) whose 
c axis orients perpendicular to the substrate was obtained. 
Note that in Fig. 4, a vertical axis indicates a peak intensity 
and a horizontal axis indicates a diffraction angle (9 (deg)). 

(COMPARATIVE EXAMPLE) 

A laminate in which molybdenum (Mo) as the 
functional material layer and aluminum nitride (A1N) as the 
second wurtzite crystalline layer were formed on an Si 
monocrystalline substrate was manufactured as a 
comparative example of Example 2. That is, the laminate of 
Comparative Example was so formed as to have a structure 
in which the first wurtzite crystalline layer was omitted 
from the laminate shown in Fig. 3. 

The films of molybdenum (Mo) and aluminum nitride 
(A1N) were formed by RF sputtering under the same 
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conditions as those of Examples. The film of molybdenum 
(Mo) had the thickness of 200 nm, and the film of 
aluminum nitride (A1N) had the thickness of 1 jum. The half 
bandwidth of the rocking curve of the A1N (0002) peak was 
8.15 ° as shown in Fig. 5, and the obtained film of 
aluminum nitride (A1N) had a c axis crystalline orientation 
that is worse than that of Examples. Note that in Fig. 5, a 
vertical axis indicates a peak intensity and a horizontal 
axis indicates a diffraction angle (0 (deg)). 

INDUSTRIAL APPLICABILITY 

As described above, according to the present 
invention, it is possible to manufacture the wurtzite thin 
film whose crystalline orientation is satisfactory and 
polarization directions are aligned in a uniform direction. 
The wurtzite thin film whose crystalline orientation is 
satisfactory and polarization directions are aligned in a 
uniform direction has better piezoelectric property than 
that of a conventional film, so that it can be effectively used 
as the electronic component material. 

Moreover, in the laminate of the present invention, 
the wurtzite crystalline structure compound layer is formed 
in advance under the functional material layer. With this, 
the wurtzite crystalline structure compound layer whose 
crystallinity and crystalline orientation are satisfactory can 
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be formed on the functional material layer having any 
crystalline structure. 

Therefore, in the case of complexing the wurtzite 
crystalline structure compound with the functional material 
having conductivity and other property(s) in order for the 
application to the electronic component material, it is 
possible to keep the wurtzite crystalline structure 
compound high in quality. Therefore, there is a possibility 
that the application to various electronic component 
materials is realized. 



